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Contamination of feeds by aflatoxins has been of global concern as a result of 
their noxious effects on human and animal health as well as their 
importance in international trade. Timely assessment of fungal 
contaminants, characterization and identification of the mycotoxigenic 
species are very necessary, not just for assessing food quality, but also for 
the development of strategies to control and ensure food safety. In this 
study, fungal species isolated from selected grains and cashew nut samples 
from south east Nigeria were screened for aflatoxigenic potential by 
Multiplex PCR Technique. Primers were designed specifically for the 
amplification of genes responsible for aflatoxigenic biosynthesis pathways. 
The necessary experimental conditions were standardized to achieve 
optimum mPCR result. The DNA extracted from seven fungal isolates were 
subjected to multiplex PCR using nor-1 (F&R), ver-1 (F&R), omtA (F&R) and 
aflR (F&R) as the primer pairs. DNA samples from AF4 and AP1 possessed 
the four genes needed for aflatoxigenic biosynthesis pathways. AF1 and AP3 
did not show any positive reaction to the four genes after amplification 
following PCR. However, AF2 and AF3 showed positive response to the two 
structural genes (nor-1and ver-1) and also for the regulatory gene (aflR) but 
were negative to the omtA structural gene. The DNA sample of AP3 was only 
reactive to the structural gene aflR but, did not have the 3 structural genes. 
Multiple PCR assay has proven to a more reliable, accurate and sensitive 
molecular tool for the detection and characterization of mycotoxin-
producing fungi from agricultural commodities.  
 
Keywords: Multiplex PCR technique, food safety, Aspergillus, aflatoxin, grains and 
nuts. 

 
 
INTRODUCTION 
 
Globally, food safety is increasingly becoming a serious 
public health challenge, as foodborne diseases present a 
widespread and growing human health concern in both 
developed and developing countries (Xihong et al., 2014). 

Grains and their associated products are important 
sources of energy and protein for humans and farm 

animals. When colonized by moulds, there is a significant 
risk of contamination of these grains with mycotoxins 
(Sudharsan et al., 2017). 

Mould contamination is one of the primary contributors 
of food and food products spoilage and grains deterioration 
during      storage,      rendering      them    unfit     for   human  
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consumption, resulting to economic losses (Fariha et al., 
2016). 

Mycotoxins are diverse group of secondary metabolites 
produced by moulds which contaminate foods and have 
toxic effects on the health of humans and animals. They are 
produced mainly by the fungi which belong to the genus: 
Aspergillus, Fusarium and Penicillium. Fungi grow to 
produce secondary metabolites under favorable chemical, 
physiological and environmental conditions, especially 
when temperature and moisture are suitable (Afsah-Hejri 
et al., 2013; Ukwuru et al., 2017). 

Grains (cereals and oilseeds) and nuts in general are 
prone to fungal contamination, during both pre-harvest and 
postharvest. Among moulds that attack these foods, 
Aspergillus flavus and A. parasiticus are of utmost concern 
because they can produce aflatoxins that are considered a 
potent natural toxin (Wild and Gong, 2010). 

Aflatoxins are toxic secondary metabolites produced by 
Aspergillus flavus, Aspergillus parasiticus and Aspergillus 
nomius. Aflatoxins B1, B2, G1, and G2 are the major 
aflatoxins known to contaminate foods and aflatoxin M1 in 
contaminated milk and its related products. Aflatoxins are 
highly toxic due to their teratogenic, mutagenic and 
carcinogenic effects (Selvaraj et al., 2015). 

Contamination of foodstuffs by aflatoxins has created 
serious concerns on food safety in Africa and especially 
Nigeria (Leslie, 2005). Aflatoxin contamination has been 
observed in several foodstuffs and the contamination of 
maize, peanuts, and oilseeds can be considered the most 
important worldwide, especially in terms of diet exposure 
(Benford et al., 2010). As a result of variable conditions that 
can occur during pre and post-harvest, the aflatoxin 
contamination level among cereal and legume grains within 
the same level can have an extremely uneven distribution. 
Owing to the richness of cashew nut in fat, protein, 
carbohydrate, vitamins and essential amino acids, it is 
highly vulnerable to pre-harvest and post-harvest mould 
attack (Perozo et al., 2006). 

Human exposure to aflatoxins can result directly from 
ingestion of contaminated foods or indirectly from 
consumption of food products from animals previously 
exposed to aflatoxin in their feeds. Post-harvest facilities or 
inappropriate storage technology has been the major 
problem of Nigerian agriculture for a long time (Adejumo et 
al., 2007).  The optimum temperature and humidity for 
mycotoxin production makes crops grown in tropical and 
subtropical conditions more prone to aflatoxin 
contamination than those in temperate regions. Nigeria 
being a tropical country, offer climatic conditions that 
favour that favour pre and post-harvest contamination of 
stored grains by mostly aflatoxigenic fungi. This 
consequently diminishes the value of agricultural products 
and poses public health challenge if consumed. 
(Odoemelam and Osu, 2009). Harvested grains may contain 
mycelia and spores from aflatoxigenic fungi. Insects act as 
vectors for these fungi (Nesci et al., 2011).  

Furthermore, most insects found in storage systems can 
break   the   coat   of   grains,   which   is  a  natural barrier to  

 
 
 
 
prevent fungal contamination, and facilitate the spread of 
fungi and certain insects that attack stored grains having 
the ability to disperse toxigenic A. flavus and A. parasiticus 
among these grains (Setamau et al., 1998; Nesci et al., 
2016). 

The genus Aspergillus is divided into morphologically 
distinguishable groups, one of which is the A. flavus group, 
containing the species A. flavus and A. parasiticus. The 
number and type of aflatoxin differ with strain. Ability to 
produce AF is highly conserved in some species but is 
highly variable in others. Almost all A. parasiticus strains 
produce AFs, with only 3 to 6% non-aflatoxigenic strains 
(Vaamonde et al., 2003; Barros et al., 2006), whereas 
toxigenicity in populations of A. flavus varies considerably 
with strain, substrate and geographic origin.  

The fungi Aspergillus flavus produce only AFB1 and AFB2 
with a higher proteolytic activity, and some strains can 
produce cyclopiazonic acid. Aspergillus parasiticus 
synthesize mainly AFB1, that is the most toxic compound of 
the group, but it can also produce the four common 
aflatoxins B1 (AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2) 
with more lipolytic activity. Specifically, A. flavus Link 
strains produce B1 and its related metabolites, while A. 
parasiticus speare produces both B1 and G1 and the related 
metabolites (Horn, 2005). 

Unlike the biosynthesis of many other secondary 
metabolites, aflatoxin gene expression is induced by the 
presence of simple carbohydrates, for example glucose, 
sucrose, maltose, but not by peptone, sorbose, or lactose 
(Payne and Brown, 2008). Many nutritional and 
environmental factors, such as temperature, pH, carbon and 
nitrogen source, stress factors, lipids, and trace metal salts, 
affect the production of aflatoxin by toxigenic Aspergilli. 
Some of these factors may affect expression of the aflatoxin 
regulatory gene, aflR, or structural genes, possibly by 
altering the expression of globally acting transcription 
factors that respond to nutritional and environmental 
signals (Tag et al., 2000). Substrates with water activity 
(aw) that is beyond 0.70 at 25 OC provides a suitable 
environment for the growth of A. flavus and A. parasiticus. 
The optimum conditions for the production of aflatoxin are 
at water activity of 0.85 and a temperature of 25 – 40 OC 
(Frazier and Westhoff, 2014).  

Aspergillus species produce more 
aflatoxin/sterigmatocystin at acidic pH as compared to 
alkaline pH (Keller et al., 1997). The pH effect on 
colonization of Aspergillus is a limited factor, since the fungi 
secondary metabolism alters pH effect during their growth. 
However, some species of Aspergilli tend to produce more 
aflatoxin/sterigmatocystin in an alkaline pH condition 
according to Delgado-Virgen and Guzman-de-Pena (2009).  

The pathway-specific regulatory gene, aflR, is found in 
aflatoxin- and sterigmatocystin-producing fungi. Disruption 
of aflR prevented the accumulation of structural gene 
transcripts for aflatoxin biosynthesis. Introduction of an 
additional copy of the aflR caused the overproduction of 
aflatoxin biosynthetic intermediates (Yu et al., 2002). 

The conventional methods for screening and detection of 
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Table 1. Primer Sequence (Adopted from Settanni and Corset, 2007) 
 

Primer Sequence Expected amplicon size 
(bp fragment) 

Nucleotide location 
on the gene 

nor1  F 5’-ACCGCTACGCCGGCACTCTCGGCAC-3’ 400 From 501 – 900 
nor1  R 5’-GTTGGCCGCCAGCTTCGACACTCCG-3’  nor-1 gene 
Ver-1 F 5’-GCCGCAGGCCGCGGAGAAAGTGGT-3’ 537 From 623 – 1160 
Ver-1R 5’-GGGGATATACTCCCGCGACACAGCC-3’  ver-1 gene 
Omt-A F 5’-GTGGACGGACCTAGTCCGACATCAC-3’ 797 From 301 – 1098 
Omt-A R 5’-GTC-GGCGCCACGCACTGGGTTGGGG-3’  omt-A gene 
aflR F      5’-TATCTCCCCCCGGGCATCTCCCGG-3’ 1032 From 450 – 1482 
aflR- R      5'-CCGTCAGACAGCCACTGGACA-CGG-3'  aflR gene 

 
 
 
mycotoxigenic fungi on food and food products based on 
sporodochia with abundant macroconidia on the food 
material is not only time consuming and laborious, but 
insensitive (Priyanka et al., 2013). PCR assays are a more 
brilliant approach to the detection of mycotoxigenic fungi in 
food, and have proven to be very sensitive. In this study, 
multiplex PCR assay was adopted to facilitate the detection 
of aflatoxigenic fungi in selected grains and cashew nuts in 
South East Nigeria. 
 
 
MATERIALS AND METHODS 
 
Growth Media and Reagents 
 
The reagents and culture media used in the study were of 
analytical grade. The culture media were prepared 
following the manufacturer’s instruction.  
 
Collection of Samples 
 
A total of 36 samples of grains and nuts (100g of each) were 
collected from four (4) major markets in Abia and Ebonyi 
State, both in Southeast Nigeria. The samples were grouped 
into cereals, legumes and cashew nuts. The cereals were 
millet, guinea corn, wheat and maize; while the legumes 
were beans, Bambara nut, soy bean, and cowpea. Cashew 
nuts were the only nut sample collected.  
 
Preparation of the samples 
 
After maceration of the samples aseptically, a 10-fold serial 
dilution was carried out and then 10-3 dilution was plated 
by spread plate technique onto potato dextrose agar 
(PDA).The plates were incubated at room temperature (28 
± 2 OC) for 72–96 hr (Kibe, 2015). Emanated fungal colonies 
were counted and sub-cultured onto potato dextrose agar 
(PDA) and potato dextrose broth (PDB) to obtain pure 
cultures.  
 
Identification and Characterization of the Isolates 
 
Identification of the isolates was based on morphological 
characteristics as revealed by macroscopic and microscopic 

observation. Discreet colonies were stained on a glass slide, 
using lactophenol cotton blue. The slides were examined 
first with low power magnification 10x and then 40x 
objective lens (Onwuchekwa et al., 2005). 
 
Extraction of DNA 
 
DNA extraction was done using BioneerAccuPrep® genomic 
DNA extraction kit (K-3032) technique. The procedure uses  
the principle of enzyme cleavage and cell lysis. This method 
does not include the use of lysozyme nor phenol-
chloroform (Zhou et al., 1990; Shahriar et al., 2011). 
 
Primer Aliquoting and DNA Preparation  
 
The primers used for this work were as described by 
Settanni and Corset (2007) and they are shown in Table 1. 
Before the commencement of the multiplex PCR reaction, 
the  primers were aliquoted carefully in the sterilGARD 
hood (DNAL-ME-BSHood-004). The extracted DNA samples 
were prepared further by mixing with the aliquoted primer 
pairs for PCR reaction.   
 
PCR Reaction/Amplification 
 
PCR reaction was performed by adopting the method 
described by Lorenz, (2012), though with some minor 
modifications. The prepared chromosomal DNA was used 
as the template DNA for aflatoxin biosynthetic gene specific 
for multiplex PCR reaction. The PCR PreMix contained: 
PyroHotStart Taq DNA polymerase, dNTPs, reaction buffer 
with 1.5 mM MgCl2, tracking dye, and patented stabilizer, 
was already aliquoted in 8-strip PCR tubes. The tracking 
dye of PCR PreMix was premixed with xylene cyanol. Xylene 
cyanol migrates at approximately 4 kb on a 1% agarose gel. 
The PCR reaction was carried out in thermal cycler (PCR 
machine) when the conditions were created and then 
entered (Table 2).  
 
Agarose Gel Electrophoresis of DNA 
 
The agarose gel electrophoresis of the chromosomal DNA 
was performed as described by Lee et al. (2012), while the 
Bio-Rad  Gel  Doc XR   system (gel  documentation box)  was  
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Table 2. PCR Conditions 
 

Step Temperature (°C) Time (min) Cycles 
Pre-denaturation 95 5 1 
Denaturation 95 1  

35 Annealing 55 1 
Extension 72 1 
Final extension 72 5 1 

 
 

Table 3. Colony and microscopic characteristics of the fungal isolates 
 

Some colony code Form Colour Shape Microscopic characteristics Possible identity 
EB2X Circular Cream Convex Spherical budding cells Saccharomyces sp. 
AB2S Filamentous White Short Non-septate hyphae Mucor sp. 
EB2Y Thick White Cotton-like Rectangular fork-like conidia Geotrichum sp. 
EB1Z Filamentous Fluffy white Tall Non-septate hyphae Rhizopus sp. 
EB1Y Periphery Greenish Powdery Septate hyphae conidia lobosed Aspergillus parasiticus 
AB2X Thick White/red Flat Conidia sickle shaped Fusarium sp. 
AB1Z Circular Lemon-green Powdery Septate hyphae conidia lobosed Aspergillus flavus 
EB2R Circular Black Powdery Septate hyphae conidia mob-like Aspergillus niger 

 
 
 
used for quick and easy visualization, documentation, and 
analysis of DNA gel. 
 
 
RESULTS 
 
Eight (8) fungal species were isolated from the thirty-six 
(36) samples and presumptively identified following 
standard microbiological methods (Table 3). These include 
Saccharomyces sp., Mucor sp, Rhizopus sp., Geotrichum sp., 
Aspergillus niger, Fusarium sp., Aspergillus flavus, and 
Aspergillus parasiticus. The total fungal count (cfu/g) is as 
presented in Table 4. The cashew nut sourced from Abakpa 
Main Market, Abakaliki, Ebonyi State had the highest colony 
count with 8.7 x 105 cfu/g, followed by wheat sample from 
the same market with 7.55 x 105 cfu/g. 

The details of the four (4) designed primer pairs: nor-1&2 
(F&R), ver-1&2 (F&R), omtA1&2 (F&R) and aflR1&2 (F&R) 
specific for the amplification of the target genes are shown 
in Table 1, and the standardized mPCR assay conditions in 
Table 2. Seven (7) isolates made up of 4 and 3 isolates of A. 
flavus and A. parasiticus respectively had their DNA 
extracted and subjected to multiplex PCR. The result is 
shown on Figure 1. The DNA ladder and the negative 
control are at the extreme left and right respectively, while 
the test DNA samples in-between. The number of bands, 
electrophoretic mobility and the molecular weight of the 
test DNA are presented in Figure 2. AF4 and AP1 were 
positive in all the four genes that were subjected to 
multiplex PCR assay. The four genes are nor-1 (400 bp), ver-
1 (537 bp), omt-A (797 bp) and aflR (1032 bp fragment) 
located on the following positions on the nucleotide 
sequence of the gene: 501 – 900, 623 – 1160, 301 – 1098, 
and 490 – 1482, respectively. The DNA of AF2 and AF3 
showed a positive reaction to three genes excluding the 

omt-A gene. AP2 was only reactive to the aflR gene while 
the DNA of AF1 and AP3 were negative to all the four genes 
used for the PCR. 
 
 
DISCUSSION 
 
Contamination of agricultural products, food and feeds by 
aflatoxins has been of global concern as a result of their 
noxious effects on human and animal health as well as their 
importance in international trade. Food contamination by 
aflatoxigenic fungi, mainly in tropical countries, may occur 
during pre-harvesting, processing, transportation, and 
storage (Gherbawy et al., 2016).The conventional assay 
techniques for the detection of mycotoxins such as thin 
layer liquid chromatography (TLC), High performance 
liquid chromatography (HPLC) etc., are not only costly and 
laborious, but time-consuming (Rashmi et al., 2012). 

In this study, therefore, multiplex PCR was adopted in the 
screening of aflatoxigenic genes and identification of the 
fungal species isolated from grains and cashew nuts. 
However, the preliminary characterization and 
identification of the fungal species were based on 
morphological features as revealed by macroscopic and 
microscopic examination. This initial basic approach is in 
agreement with the report of Khare et al. (2018), in which 
morphological characteristics were used as the first level of 
identification. 

The PCR assay technique is rapid and selectively allows 
for the sensitive detection and identification of 
microorganisms in different foods by amplifying specific 
target gene fragments (Rashmi et al., 2012). The extracted 
DNA of seven isolates (A. flavus [n=4] and A.parasiticus 
[n=3]) were subjected to polymerase chain reaction. 
Following  the  multiplex  PCR assay  with  the primer pairs:  
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Table 4. Total fungal count of sampled grains and nuts 
 

S/No. Sample Market Location Colony Count (CFU/g) 
1 Cashew nut Abakpa 8.7x105 
  Kpirikpiri 4.5x104 
  Nkwo-Ndoro 4.0x104 
  Orie Ugba 2.0x104 
2 Guinea corn Abakpa 3.5x104 
  Kpirikpiri 4.0x104 
  Nkwo-Ndoro 9.0x104 
  Orie Ugba 1.2x105 
3 Millet Abakpa 1.5x104 
  Kpirikpiri 1.45x105 
  Nkwo-Ndoro NVG 
  Orie Ugba NVG 
4 Wheat Abakpa 7.55x105 
  Kpirikpiri 3.5x104 
  Nkwo-Ndoro 6.5x104 
  Orie Ugba 6.5x104 
5 Beans  Abakpa 6.0x104 
  Kpirikpiri 1.05x105 
  Nkwo-Ndoro 1.0x104 
  Orie Ugba 6.0x104 
6 Bambara nut Abakpa 4.0x104 
  Kpirikpiri 5.5x104 
  Nkwo-Ndoro 5.0x104 
  Orie Ugba 5.0x104 
7 Soy bean Abakpa 5.0x104 
  Kpirikpiri 6.0x104 
  Nkwo-Ndoro 3.5x104 
  Orie Ugba 5.5x104 
8 Cowpea Abakpa 1.5x105 
  Kpirikpiri 2.0x104 
  Nkwo-Ndoro NVG 
  Orie Ugba 1.0x104 
9 Maize Abakpa 1.5x104 
  Kpirikpiri NVG 
  Nkwo-Ndoro 3.05x105 
  Orie Ugba NVG 

 

NVG- no visible growth 

 
 
 
nor-1, ver-1, omt-A, and aflR1 sequences, the results 
indicated that the DNA from Aspergillus flavus (4) and 
Aspergillus parasiticus(1) [AF4 and AP1] possessed all the 
four aflatoxin biosynthesis genes. A number of researchers 
have made similar reports on different agricultural and 
food products (Nwachukwu et al., 2019; Sadhasivam et al., 
2017; Gherbawy et al., 2016; Degola et al., 2007). 

The DNA of AF2 and AF3 indicated positive reaction for 
the following genes: nor-1 gene, ver-1 gene and aflR gene. 
The omt-A gene was not detected as the nucleotide 
sequence, and was obviously absent. The DNA sequence of 
AP2 (A. parasiticus, 2) lacked the nucleotide sequence for 
the nor-1 gene, ver-1 gene and omt-A gene, but possessed 
the aflR gene. However, AF1 and AP3 representing the A. 
flavusand A. parasiticus(1 and 3, respectively) showed that 
they lacked the nucleotide sequence of the entire four genes 
(Figure 1). 

In   the   work   of   Chen et al.  (2002), 19  strains   of    the 

Aspergillus flavus group, including A. flavus, A. parasiticus, A. 
oryzae, A. sojae, and one Aspergillus niger, were subjected to 
PCR testing in an attempt to detect four genes, encoding for 
norsolorinic acid reductase (nor-1), versicolorin A 
dehydrogenase (ver-1), sterigmatocystin O-
methyltransferase (omt-A), and a regulatory protein (apa-
2), involved in aflatoxin biosynthesis. Their result indicated 
that fifteen strains were shown to possess the four target 
DNA fragments. Also, peanut kernels that were artificially 
contaminated with A. parasiticus and A. niger for 7 days, 
and later subjected to multiplex PCR testing using the four 
pairs of primers coding for the above genes, were 
successfully detected. The target DNA fragments were 
detected in the kernels infected with A. parasiticus, and 
none were detected in the sound (un-inoculated) kernels or 
in the kernels infected with A. niger. This further confirms 
that although A. niger is found in the A. flavus group, the 
fungal organism isolated in this  study  lack the capability to  



Issues Biol. Sci. Pharma. Res.          33 
 
 
 

 
 

Figure 1:  Multiplex PCR assay of A. flavus and  A. parasiticus 
 

Legend: 
 

Column 1 = DNA ladder (2000 -100bp) 
Column 2 – AF1 =  A. flavus 1 – amplified DNA bands : 400,200,100 bp 
Column 3 – AF 2 = A. flavus 2 - amplified DNA bands: 1400,900,700,500,100bp 
Coumn 4 – AF 3 = A. flavus 3 - amplified DNA bands: 1400,900,500,100 bp 
Column 5 – AF4 = A. flavus 4 - amplified DNA bands: 1300,900,500,100bp 
Column 6 – AP1 = A. parasitucus - amplified DNA bands: 1200,900,800,700,500,400,200,100bp 
Column 7 – AP2 =  A. parasitucus - amplified DNA bands: 800,500,400,200,100bp 
Column 7 – AP 3 = A. parasitucus - amplified DNA bands: 500,400,300,100 
Column 9 – VE =  NEGATIVE CONTROL  

 
 
produce aflatoxin. A regulatory protein primer (apa-2) was 
used in their work instead of the aflR gene that was used in 
this work.  

Furthermore, the work of Gallo et al. (2012), that was 
carried out in Northern Italy, the 67 strains of A. flavus they 
used was first identified by sequencing of β-tubulin and 
calmodulin gene fragments as they made use of seven 
primers set (two regulatory genes [aflR and aflS] and five 
structural genes [aflD, aflM, aflO, aflP, and aflQ]). Apart from 
the aflR regulatory gene that was the same with the ones 
used in this study, the other six were different. In their 
work, they grouped the strains into four based on their 
patterns of amplification products: group I (40 strains) 
characterised by presence of all seven amplicons; groups II 

(two strains) and III (nine strains), showing four (AflM, aflP, 
aflO, and aflQ) and three (aflO, aflP, aflQ) amplicons, 
respectively; and group IV (16 strains) characterised by 
total absence of PCR products. It was then reported that 
only group I contained strains that have the capability to 
produce aflatoxin B1 (37 out of 40), whereas  strains 
belonging to the other groups and lacking three, four or all 
seven PCR products lacked capacity to produce aflatoxin B1. 

In this study, the multiplex polymerase chain reaction 
technique indicates that Aspergillus flavus (AF4) and 
Aspergillus parasiticus (AP1) possessed all the three 
structural genes (nor-1, ver-1 and omt-A) and the regulatory 
gene (aflR) necessary for the biosynthesis of aflatoxin. 
Other  DNA  isolates  such  as  AF1,  AF2,  AF3,  AP2 and AP3  



Nwachukwu et al.          34 
 
 
 

 
 

Figure 2: Distribution of molecular weight, electrophoretic mobility and the number of bands of assay result 

 
 
 
showed variations in both the structural and regulatory 
genes (Figure 2).  
 
Conclusion 
 
Mycotoxin, especially aflatoxin contamination of grains and 
cereals is a serious risk with long term public health 
consequences, and has drawn attention globally. This 
underscores the need for continuous surveillance and 
adoption of approaches that would provide for an accurate, 
sensitive, cost effective and possibly rapid detection of 
mycotoxigenic fungi. 

 The results of this work have demonstrated that some 
food and feeds are more vulnerable to fungal contamination 
than others, as some food samples (millet, cowpea and 
maize) from specific market locations showed no fungal 
growth while the seven fungal isolates used for multiplex 

PCR, were all isolated from legumes (beans, Bambara nut 
and soy bean). 

Out of the seven fungal isolates whose genes were 
subjected to multiplex PCR assay, only two isolates 
(Aspergillus flavus4 [AF4] and Aspergillus parasiticus1 [AP1] 
possessed all the four genes (three structural genes and one 
regulatory gene) necessary for aflatoxin biosynthesis. 
Multiple PCR assay has proven to be a more reliable, 
accurate and sensitive molecular tool for the detection and 
characterization of mycotoxin-producing fungi from 
agricultural commodities. It could serve as a veritable 
alternative to conventional approach for detection of 
mycotoxigenic fungi. However, the presence, of structural 
genes involved in aflatoxin biosynthesis does not guarantee 
the production of aflatoxins, as environmental factors play 
important role. Timely assessment of fungal contaminants, 
characterization  and  identification of   the toxin-producing 
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species are very necessary, not just for assessing food 
quality, but also for the development of strategies to control 
and ensure food safety. 
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